Sensitivity of 2,3,7,8 Bioaccumulation model to Log Kow

In the presentation of March 28, CPG noted that optimal calibrations for 2378-TCDD occur at low Log
Kow (~5.5) and high Log Kow (~7.5) relative to the best estimate for Log Kow (~6.4 as shown on slide 12
of the March 28 presentation). The EPA team wanted to understand the reason for this model behavior,
which we also reproduced in our experimentation with the model.

This model behavior seems to be driven by the model overpredicting concentrations in organisms at Log
Kow ~6.5. (The model predicts concentrations that are a factor of 3 to 8 times lower in game fish at Log
Kow ~5.5 and Log Kow™~7.5 than it does at Kow 6.5. This results in significantly improved model fit at 5.5
and 7.5.)

The driver for this parabolic curve (in predicted fish-tissue concentrations relative to Log Kow) is the
dietary uptake rate which also has a parabolic shape relative to Kow. Dietary uptake is predicted to be
about a factor of four higher at Log Kow 6.5 than it is at either Log Kow ~5.5 or Log Kow ~7.5.

To further break down the cause for this parabolic shape, the EPA team examined the two pieces of the
dietary uptake-- the kp or “clearance rate constant via ingestion of food and water,” and the weighted
average of contamination in the food (3Pi x Cp,). Our discovery was that from Kow 5.5 to 7.5 the
predicted kp declines by an order of magnitude, while the contamination in the food increases by an
order of magnitude. The combination of these two effects creates the parabolic relationship.

Our focus then went to the prediction of kpas a function of Log Kow. This relationship in the Arnot
Gobas 2004 model [Kp = (Ep*Gp) / W] is governed by the fit to data for Ep shown below.

3
1.0 )
9]
0.8 4
|
o
0.6 "
= | m
0.4
0.2 1
0.0 4=
4
lOg Ko“'
S.3: A two-phase resistance model for gut-organism chemical exchange in comparison to the highly variable available fish
(closed squares: n = 128) and invertebrate (open circles: n = 45) empirical data. Empirical sources for fish include [15-29] and
for aquatic invertebrates [5, 8, 30-34].

Figure 1. Figure S.3 from (Arnot and Gobas 2004).
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Our observation about this fit is that it contains ample room for interpretation of, and calibration of, the
Ep parameter.

Rather than using a generic fit to Log Kow to estimate the Ep (the unitless dietary chemical transfer
efficiency) for 2378-TCDD it may be warranted to use literature observations of Ep specifically for 2378-
TCDD. This could provide a constraint to the model that is based on chemical-specific data rather than
an estimate based on a loose fit to Kow.

Our preliminary literature search found an estimate from (Morrison et al. 1999) of a Ep of 0.41 for
2,3,7,8 TCDD. The citation for this estimate was the average of data from (Gobas et al. 1988; Hawkes
and Norris 1977; Kleeman et al. 1986). Looking at those papers, the 1988 Gobas paper finds an Ep of
0.34 for 2,3,7,8 TCDD, and cites the Hawkes paper as the source for that estimate.

The Kleeman and Hawkes/Norris papers do not seem to have specific estimates of Ep within them.
These papers do have experimental data showing the speed and extent of dietary uptake of 2,3,7,8
TCDD in rainbow trout. Using the data in these papers and a “generic” time-varying bioaccumulation
model (see below), our own (initial) estimate of Ep was 0.32 from data in Hawkes and Norris paper, and
0.33 from the data in Kleeman. Another source (Batterman et al. 1989) would result in Ep in the range
of 0.38 to 0.45. The Batterman study did include some sediment exposure, meaning these Ep values
may be overestimated.

Another study (Fisk et al. 1997) results in very high estimates of Ep reported at 0.7 to 0.93, but these
estimates appear to be lipid normalized compared to other studies. When calculating on a non-lipid
normalized basis the Kpvalues seem to exceed 1.0. This study should perhaps be discounted due to the
fact that exposures were limited to 30 days.

(Jones et al. 2001) reported assimilation efficiencies that “ranged between 8 and 11% in the early
phases of the exposure.” Fitting a time varying model to the Jones data set resulted in Ep values of 0.18,
0.12, and 0.3.

With the caveats that most these data are for rainbow trout which is not relevant to the LPR study area,
it may be worth considering the Ep for 2,3,7,8 TCDD as a calibration parameter, independent of Kow,
and potentially varying from 0.12 to 0.45 based on the literature search above.

On another note, most of these papers also contain information about kinetic rates of uptake and
depuration. These data may be useful to verify the predictions of the non-steady-state model when that
model is being developed and tested. Specifically, model-predicted half lives and uptake rates can be
compared against the experimental data to ensure that predicted uptake and depuration rates within
the model are reasonable. For juvenile rainbow trout, the half-lives reported ranged from 70-105 days.
For adult fish, half-lifes would be much slower (i.e. >346 days in adult trout, 300-325 days in carp)
(Tietge et al. 1998)

The EPA team wanted to ensure that CPG model calibrations are not artificially constrained by the fit
shown in Figure 1, and instead could potentially be parameterized by data specifically relevant to 2,3,7,8
TCDD.



“Generic” time varying bioaccumulation model
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Kp = Ep * (Go / Ws)
where

e Gpis the feeding weight and Ws is the wet weight of the organism

e Therefore Ep is multiplied by the ingestion rate in (g/(g day)) multiplied by the concentration of
contaminant within the food to get Ko

o (K2+Ke+Kwm) is calculated based on experimental half-life data or reported loss rates.

e Kiis assumed to be zero as these are dietary-uptake studies

This model was approximately fit to reported experimental data to estimate Ep values listed above.
Cited Literature:

Arnot, J. A, and Gobas, F. A. (2004). “A food web bioaccumulation model for organic chemicals in
aquatic ecosystems.” Environmental Toxicology and Chemistry, 23(10), 2343—2355.

Batterman, A. R., Cook, P. M., Lodge, K. B., Lothenbach, D. B., and Butterworth, B. C. (1989).
“Methodology used for a laboratory determination of relative contributions of water, sediment
and food chain routes of uptake for 2, 3, 7, 8-TCDD bioaccumulation by lake trout in Lake
Ontario.” Chemosphere, 19(1-6), 451-458.

Fisk, A. T., Yarechewski, A. L., Metner, D. A,, Evans, R. E., Lockhart, W. L., and Muir, D. C. (1997).
“Accumulation, depuration and hepatic mixed-function oxidase enzyme induction in juvenile
rainbow trout and lake whitefish exposed to dietary 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin.”
Aquatic toxicology, 37(2-3), 201-220.

Gobas, F. A., Muir, D. C., and Mackay, D. (1988). “Dynamics of dietary bioaccumulation and faecal
elimination of hydrophobic organic chemicals in fish.” Chemosphere, 17(5), 943-962.

Hawkes, C. L., and Norris, L. A. (1977). “Chronic oral toxicity of 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin
(TCDD) to rainbow trout.” Transactions of the American Fisheries Society, 106(6), 641—645.

Jones, P. D., Kannan, K., Newsted, J. |, Tillitt, D. E., Williams, L. L., and Giesy, J. P. (2001). “Accumulation
of 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin by rainbow trout (Onchorhynchus mykiss) at
environmentally relevant dietary concentrations.” Environmental toxicology and chemistry,
20(2), 344-350.

Kleeman, J. M., Olson, J. R., Chen, S. M., and Peterson, R. E. (1986). “Metabolism and disposition of 2, 3,
7, 8-tetrachlorodibenzo-p-dioxin in rainbow trout.” Toxicology and applied pharmacology, 83(3),
391-401.

Morrison, H. A., Whittle, D. M., Metcalfe, C. D., and Niimi, A. J. (1999). “Application of a food web
bioaccumulation model for the prediction of polychlorinated biphenyl, dioxin, and furan
congener concentrations in Lake Ontario aquatic biota.” Canadian Journal of Fisheries and
Aquatic Sciences, 56(8), 1389—-1400.

Tietge, J. E., Johnson, R. D, Jensen, K. M., Cook, P. M., Elonen, G. E., Fernandez, J. D., Holcombe, G. W.,
Lothenbach, D. B., and Nichols, J. W. (1998). “Reproductive toxicity and disposition of 2, 3, 7, 8-



tetrachlorodibenzo-p-dioxin in adult brook trout (Salvelinus fontinalis) following a dietary
exposure.” Environmental toxicology and chemistry, 17(12), 2395-2407.



	barcode: *623740*
	barcodetext: 623740


